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FOREWORD

The National Toxicology Program (NTP) is an interagency program within the Public Health Service (PHS) of the
Department of Health and Human Services (HHS) and is headquartered at the National Institute of Environmental
Health Sciences of the National Institutes of Health (NIEHS/NIH). Three agencies contribute resources to the
program: NIEHS/NIH, the National Institute for Occupational Safety and Health of the Centers for Disease
Control and Prevention (NIOSH/CDC), and the National Center for Toxicological Research of the Food and Drug
Administration (NCTR/FDA). Established in 1978, the NTP is charged with coordinating toxicological testing
activities, strengthening the science base in toxicology, developing and validating improved testing methods, and
providing information about potentially toxic substances to health regulatory and research agencies, scientific and
medical communities, and the public.

The Technical Report series began in 1976 with carcinogenesis studies conducted by the National Cancer Institute.
In 1981, this bioassay program was transferred to the NTP. The studies described in the Technical Report series
are designed and conducted to characterize and evaluate the toxicologic potential, including carcinogenic activity,
of selected substances in laboratory animals (usually two species, rats and mice). Substances selected for NTP
toxicity and carcinogenicity studies are chosen primarily on the basis of human exposure, level of production, and
chemical structure. The interpretive conclusions presented in NTP Technical Reports are based only on the results
of these NTP studies. Extrapolation of these results to other species, including characterization of hazards and
risks to humans, requires analyses beyond the intent of these reports. Selection per se is not an indicator of a
substance’s carcinogenic potential.

The NTP conducts its studies in compliance with its laboratory health and safety guidelines and FDA Good
Laboratory Practice Regulations and must meet or exceed all applicable federal, state, and local health and safety
regulations. Animal care and use are in accordance with the Public Health Service Policy on Humane Care and
Use of Animals. Studies are subjected to retrospective quality assurance audits before being presented for public
review.

NTP Technical Reports are indexed in the NIH/NLM PubMed database and are available free of charge
electronically on the NTP website (http://ntp.niehs.nih.gov) or in hardcopy upon request from the NTP Central
Data Management group at cdm@niehs.nih.gov or (919) 541-3419.
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SUMMARY

Background

Chromium is a metal that exists in a variety of valence states, depending on surrounding conditions and what other
atoms it is bound to. The most stable forms are metallic chromium, trivalent chromium (chromium III), and
hexavalent chromium (chromium VI). While chromium VI has been shown to cause cancer in other animal
studies, chromium III is an essential trace element and is ingested in food and dietary supplements.

Methods

We gave feed containing 2,000, 10,000, or 50,000 parts per million (ppm) of chromium picolinate to groups of 50
male and female rats and mice for two years. Similar groups of animals were given feed with no chemical added
and served as the control groups. At the end of the study, tissues from more than 40 sites were examined for every
animal.

Results
Survival of all exposed groups of animals was similar to their controls. The rate of adenomas of the preputial
gland was greater in male rats receiving 10,000 ppm chromium picolinate than in the control group.

Conclusions

We conclude that the occurence of preputial gland adenomas in one group of male rats was possibly associated
with exposure to chromium picolinate. We conclude that chromium picolinate did not cause cancer in female rats
or in male or female mice.



ABSTRACT

CHROMIUM PICOLINATE MONOHYDRATE

CAS No. 27882-76-4

Chemical Formula: C,¢H;,CrN;O,-H,0

Molecular Weight: 436

Synonyms: Chromium 2-pyridine-carboxylate; chromium tripicolinate; chromium tris (picolinato)-;
chromium, tris (2-pyridinecarboxylato-N(1), O(2))-(9CI); picolinic acid, chromium salt

Trade name: Chromax®

Chromium picolinate monohydrate is the commercially
available form of chromium picolinate. ~Chromium
picolinate is one of a number of compounds that contain
chromium in the trivalent state (Cr III), which is the pre-
dominant form of chromium in nature. Humans ingest
Cr III in food and dietary supplements. The major uses
of Cr III in the chemical and manufacturing industries
include production of chromium pigments and leather
tanning. Chromium picolinate was nominated by the
National Cancer Institute and a private individual for
testing based on the potential for widespread consumer
exposure from use as a dietary supplement. Male and
female F344/N rats and B6C3F1 mice were exposed to
chromium picolinate monohydrate (95% to 96% pure) in
feed for 3 months or 2 years. Genetic toxicology studies
with chromium picolinate monohydrate were conducted
in Salmonella typhimurium, Escherichia coli, and mouse
peripheral blood erythrocytes. Genetic toxicology
studies with chromium picolinate were conducted in
S. typhimurium and rat bone marrow erythrocytes.

3-MONTH STUDY IN RATS

Groups of 10 male and 10 female rats were fed diets con-
taining 0, 80, 240, 2,000, 10,000, or 50,000 ppm
chromium picolinate monohydrate (equivalent to aver-
age daily doses of approximately 7, 20, 160, 800, or
4,240 mg chromium picolinate monohydrate/kg body
weight to males and 6, 20, 160, 780, or 4,250 mg/kg to
females) for 14 weeks. All rats survived to the end of the
study. Mean body weights and feed consumption of all
exposed groups of males and females were similar to
those of the control groups throughout the study. No
exposure-related lesions occurred in males or females.

3-MONTH STUDY IN MICE

Groups of 10 male and 10 female mice were fed diets
containing 0, 80, 240, 2,000, 10,000, or 50,000 ppm
chromium picolinate monohydrate (equivalent to aver-
age daily doses of approximately 17, 50, 450, 2,300, or



11,900 mg chromium picolinate monohydrate/kg body
weight to males and 14, 40, 370, 1,775, or 9,140 mg/kg
to females) for 14 weeks. All mice survived to the end
of the study. Mean body weights and feed consumption
of all exposed groups were similar to those of the control
groups throughout the study. No exposure-related
lesions occurred in male or female mice.

2-YEAR STUDY IN RATS

Groups of 50 male and 50 female rats were fed diets con-
taining 0, 2,000, 10,000, or 50,000 ppm chromium picol-
inate monohydrate (equivalent to average daily doses of
approximately 90, 460, or 2,400 mg/kg to males and
100, 510, or 2,630 mg/kg to females) for 105 weeks.
Survival of all exposed groups of males and females was
similar to that of the control groups. Mean body weights
and feed consumption of exposed groups of males and
females were generally similar to those of the controls
throughout the study. The incidence of preputial gland
adenoma was significantly increased in males exposed
to 10,000 ppm and exceeded the historical control
ranges.

2-YEAR STUDY IN MICE

Groups of 50 male and 50 female mice were fed diets
containing 0, 2,000, 10,000, or 50,000 ppm chromium
picolinate monohydrate (equivalent to average daily
doses of approximately 250, 1,200, or 6,565 mg/kg to
males and 240, 1,200, or 6,100 mg/kg to females) for
105 weeks. Survival of all exposed groups of males and
females was similar to that of the control groups. Mean
body weights of exposed groups of males were generally
similar to those of the controls throughout the study;
mean body weights of 50,000 ppm females were 10%
less than the control group at 1 year, but similar to the
control group at 2 years. Feed consumption by exposed
groups of males and females was similar to that by the
controls throughout the study. No neoplasms or non-
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neoplastic lesions were attributed to exposure to
chromium picolinate monohydrate.

GENETIC TOXICOLOGY

In the standard screening assays conducted by the NTP,
chromium picolinate monohydrate showed no clear evi-
dence of genotoxicity. It was not mutagenic in
Salmonella typhimurium strains TA98 or TA100 or
Escherichia coli strain WP2 uvrA/pKM101 when tested
with or without exogenous metabolic activation (S9).
No increase in the frequency of micronucleated nor-
mochromatic erythrocytes was observed in male
B6C3F1 mice administered chromium picolinate mono-
hydrate in feed for 3 months. A small increase in
micronucleated normochromatic erythrocytes was seen
in female mice at the highest exposure concentration
tested, and the results in female mice were considered
equivocal.

Additional genotoxicity testing was conducted with
chromium picolinate (not the monohydrate form of the
compound), and results were also negative. No induc-
tion of gene mutations was observed in two independent
studies conducted in several strains of S. typhimurium
with and without S9. No induction of micronucleated
polychromatic erythrocytes was observed in bone mar-
row of male F344/N rats treated with chromium picoli-
nate by oral gavage three times at 24-hour intervals.

CONCLUSIONS

Under the conditions of these 2-year feed studies there
was equivocal evidence of carcinogenic activity* of
chromium picolinate monohydrate in male F344/N rats
based on an increase in the incidence of preputial gland
adenoma. There was no evidence of carcinogenic activ-
ity of chromium picolinate monohydrate in female
F344/N rats or in male or female B6C3F1 mice exposed
to 2,000, 10,000, or 50,000 ppm.

* Explanation of Levels of Evidence of Carcinogenic Activity is on page 10. A summary of the Technical Reports Review Subcommittee
comments and the public discussion on this Technical Report appears on page 12.
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Summary of the 2-Year Carcinogenesis and Genetic Toxicology Studies
of Chromium Picolinate Monohydrate and Genetic Toxicology Studies of Chromium Picolinate

Male
F344/N Rats

Female
F344/N Rats

Male
B6C3F1 Mice

Female
B6C3F1 Mice

Concentrations
in feed

Body weights

Survival rates

Nonneoplastic effects
Neoplastic effects

Equivocal findings

Level of evidence of
carcinogenic activity

Genetic toxicology

0, 2,000, 10,000,
50,000 ppm

Exposed groups similar
to control group

37/50, 36/50, 35/50,
28/50

None
None
Preputial gland:

adenoma (1/50, 1/50,
7/50, 4/50)

Equivocal evidence

for chromium picolinate monohydrate

Salmonella typhimurium

and Escherichia coli gene mutations:

Micronucleated erythrocytes

Mouse peripheral blood in vivo:

Genetic toxicology

for chromium picolinate

Salmonella typhimurium gene mutations:

Micronucleated erythrocytes

Male rat bone marrow in vivo:

0, 2,000, 10,000,
50,000 ppm

Exposed groups similar
to control group

36/50, 35/50, 36/50,
40/50

None
None

None

No evidence

0, 2,000, 10,000,
50,000 ppm

Exposed groups similar
to control group

46/50, 43/50, 38/50,
45/50

None
None

None

No evidence

0, 2,000, 10,000,

50,000 ppm

50,000 ppm group was
10% less than the control
group at 1 year, but
similar to the control

group at 2 years

45/50, 44/49, 44/50,
39/50

None
None

None

No evidence

Negative in strains TA98 and TA100 with and without S9; negative in Escherichia

coli strain WP2 uvrA/pKM101 with and without S9

Negative in males; equivocal in females

Negative in strains TA97, TA98, TA100, TA102, TA104, and TA1535 with and

without S9

Negative
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EXPLANATION OF LEVELS OF EVIDENCE OF CARCINOGENIC ACTIVITY

The National Toxicology Program describes the results of individual experiments on a chemical agent and notes the strength of the evidence for
conclusions regarding each study. Negative results, in which the study animals do not have a greater incidence of neoplasia than control
animals, do not necessarily mean that a chemical is not a carcinogen, inasmuch as the experiments are conducted under a limited set of
conditions. Positive results demonstrate that a chemical is carcinogenic for laboratory animals under the conditions of the study and indicate
that exposure to the chemical has the potential for hazard to humans. Other organizations, such as the International Agency for Research on
Cancer, assign a strength of evidence for conclusions based on an examination of all available evidence, including animal studies such as those
conducted by the NTP, epidemiologic studies, and estimates of exposure. Thus, the actual determination of risk to humans from chemicals
found to be carcinogenic in laboratory animals requires a wider analysis that extends beyond the purview of these studies.

Five categories of evidence of carcinogenic activity are used in the Technical Report series to summarize the strength of the evidence observed
in each experiment: two categories for positive results (clear evidence and some evidence); one category for uncertain findings (equivocal
evidence); one category for no observable effects (no evidence); and one category for experiments that cannot be evaluated because of major
flaws (inadequate study). These categories of interpretative conclusions were first adopted in June 1983 and then revised in March 1986 for
use in the Technical Report series to incorporate more specifically the concept of actual weight of evidence of carcinogenic activity. For each
separate experiment (male rats, female rats, male mice, female mice), one of the following five categories is selected to describe the findings.
These categories refer to the strength of the experimental evidence and not to potency or mechanism.

» Clear evidence of carcinogenic activity is demonstrated by studies that are interpreted as showing a dose-related
(i) increase of malignant neoplasms, (ii) increase of a combination of malignant and benign neoplasms, or (iii) marked increase of
benign neoplasms if there is an indication from this or other studies of the ability of such tumors to progress to malignancy.

» Some evidence of carcinogenic activity is demonstrated by studies that are interpreted as showing a chemical-related increased
incidence of neoplasms (malignant, benign, or combined) in which the strength of the response is less than that required for clear
evidence.

» Equivocal evidence of carcinogenic activity is demonstrated by studies that are interpreted as showing a marginal increase of
neoplasms that may be chemical related.

» No evidence of carcinogenic activity is demonstrated by studies that are interpreted as showing no chemical-related increases in
malignant or benign neoplasms.

» Inadequate study of carcinogenic activity is demonstrated by studies that, because of major qualitative or quantitative limitations,
cannot be interpreted as valid for showing either the presence or absence of carcinogenic activity.

For studies showing multiple chemical-related neoplastic effects that if considered individually would be assigned to different levels of evidence
categories, the following convention has been adopted to convey completely the study results. In a study with clear evidence of carcinogenic
activity at some tissue sites, other responses that alone might be deemed some evidence are indicated as “were also related” to chemical
exposure. In studies with clear or some evidence of carcinogenic activity, other responses that alone might be termed equivocal evidence are
indicated as “may have been” related to chemical exposure.

When a conclusion statement for a particular experiment is selected, consideration must be given to key factors that would extend the actual
boundary of an individual category of evidence. Such consideration should allow for incorporation of scientific experience and current
understanding of long-term carcinogenesis studies in laboratory animals, especially for those evaluations that may be on the borderline between
two adjacent levels. These considerations should include:

 adequacy of the experimental design and conduct;

* occurrence of common versus uncommon neoplasia;

 progression (or lack thereof) from benign to malignant neoplasia as well as from preneoplastic to neoplastic lesions;

» some benign neoplasms have the capacity to regress but others (of the same morphologic type) progress. At present, it is impossible to
identify the difference. Therefore, where progression is known to be a possibility, the most prudent course is to assume that benign
neoplasms of those types have the potential to become malignant;

» combining benign and malignant tumor incidence known or thought to represent stages of progression in the same organ or tissue;

* latency in tumor induction;

» multiplicity in site-specific neoplasia;

* metastases;

* supporting information from proliferative lesions (hyperplasia) in the same site of neoplasia or in other experiments (same lesion in
another sex or species);

 presence or absence of dose relationships;

« statistical significance of the observed tumor increase;

* concurrent control tumor incidence as well as the historical control rate and variability for a specific neoplasm;

« survival-adjusted analyses and false positive or false negative concerns;

e structure-activity correlations; and

* in some cases, genetic toxicology.
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NATIONAL TOXICOLOGY PROGRAM BOARD OF SCIENTIFIC COUNSELORS
TECHNICAL REPORTS REVIEW SUBCOMMITTEE

The members of the Technical Reports Review Subcommittee who evaluated the draft NTP Technical Report on chromium picolinate
monohydrate on February 27, 2008, are listed below. Subcommittee members serve as independent scientists, not as representatives of any
institution, company, or governmental agency. In this capacity, subcommittee members have five major responsibilities in reviewing the NTP

studies:

¢ to ascertain that all relevant literature data have been adequately cited and interpreted,

* to determine if the design and conditions of the NTP studies were appropriate,

« to ensure that the Technical Report presents the experimental results and conclusions fully and clearly,
 to judge the significance of the experimental results by scientific criteria, and

 to assess the evaluation of the evidence of carcinogenic activity and other observed toxic responses.
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Amgen
Thousand Oaks, CA

Kenny S. Crump, Ph.D.
ENVIRON International Corporation
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Jon Mirsalis, Ph.D., Principal Reviewer
SRI International
Menlo Park, CA

Raymond F. Novak, Ph.D., Principal Reviewer
Institute of Environmental Health Sciences
Wayne State University
Detroit, MI

Michael V. Pino, D.V.M., Ph.D.
Drug Safety Evaluation
Sanofi-aventis
Bridgewater, NJ

Keith Soper, Ph.D.
Merck Research Laboratories
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SUMMARY OF TECHNICAL REPORTS REVIEW SUBCOMMITTEE COMMENTS

On February 27, 2008, the draft Technical Report on the
toxicology and carcinogenesis studies of chromium
picolinate monohydrate received public review by the
National Toxicology Program’s Board of Scientific
Counselors’ Technical Reports Review Subcommittee.
The review meeting was held at the National Institute of
Environmental Health Sciences, Research Triangle Park,
NC.

Dr. M.D. Stout, NIEHS, introduced the toxicology and
carcinogenesis studies of chromium picolinate monohy-
drate by noting the trivalent form of chromium in this
compound, its use as a dietary supplement, and the
rationale for study; describing the design of the short-
and long-term studies; and reporting on the lack of body
weight, survival, or toxic effects in the short- and long-
term studies, the preputial gland lesions in male rats in
the 2-year study, and the absorption, distribution, metab-
olism, and excretion and chromium tissue distribution
results. The proposed conclusions were equivocal evi-
dence of carcinogenic activity of chromium picolinate
monohydrate in male F344/N rats and no evidence of

carcinogenic activity of chromium picolinate monohy-
drate in female F344/N rats or in male or female
B6C3F1 mice.

Dr. Cattley, the first principal reviewer, felt the study
was straightforward and adequate, and he agreed with
the conclusions.

Dr. Mirsalis, the second principal reviewer, agreed that
overall the study was straightforward and well written.
He drew attention to new requirements for caging based
on animal size and for feed analysis documentation. He
also questioned the characterization of the female mouse
micronucleus response as equivocal, instead suggesting
that the response was negative.

Dr. Novak, the third principal reviewer, also agreed with
the conclusions and felt the study was well performed.

Dr. Cattley moved, and Dr. Mirsalis seconded, that the
conclusions be accepted as written. The motion was
passed unanimously with eight votes.
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INTRODUCTION

CHROMIUM PICOLINATE MONOHYDRATE

CAS No. 27882-76-4

Chemical Formula: C,¢H,,CrN;O0-H,0

Molecular Weight: 436

Synonyms: Chromium 2-pyridine-carboxylate; chromium tripicolinate; chromium tris (picolinato)-;
chromium, tris (2-pyridinecarboxylato-N(1), O(2))-(9CI); picolinic acid, chromium salt

Trade name: Chromax®

CHEMICAL AND PHYSICAL PROPERTIES

Chromium picolinate monohydrate is the commercially
available form of chromium picolinate. Chromium
picolinate exists as ruby red crystals. Chromium picoli-
nate is a lipophilic compound (Merck, 1996), with a
greater solubility in organic solvents (greater than 6 g/L
in dimethylsulfoxide) than in water (1 ppm at 25° C and
neutral pH) (ATSDR, 2000). The partition coefficient
(log K,,) is 1.753 (ATSDR, 2000). Chromium picoli-
nate is one of a number of compounds that contain
chromium in the trivalent state (Cr III). Other examples
of Cr Il compounds are chromium acetate, chromium
nitrate, chromium chloride, ferrochromite, chromium
oxide, chromium phosphate, chromium sulfate, and
sodium chromite. These compounds, with the exception
of chromium acetate, chromium chloride, and chromium
nitrate, are generally insoluble in water.

Chromium is a group 6 transition metal and occurs in the
Earth’s crustal rock at a concentration averaging
122 ppm. It has six oxidation states. The most stable
states are Cr III, hexavalent chromium (Cr VI) and

metallic chromium (Cr 0). Cr VI is easily reduced to
Cr III in acidic solutions containing organic molecules
such as proteins, DNA, or glutathione. Glutathione is
also capable of reducing Cr VI at neutral pH at a slower
rate than under acidic conditions (Zhitkovich, 2005).

ProbucTION, USE,
AND HUMAN EXPOSURE

Cr III is the predominant form of chromium in nature,
occurring in ores such as ferrochromite (FeCr,O,).
Cr III ores are used in the production of Cr VI (Hartford,
1979; Westbrook, 1979) and Cr 0. Cr 0 is used in the
metallurgical industry for the production of stainless
steel and ferrous and nonferrous alloys. The major uses
of chromium in the chemical and manufacturing indus-
tries include the production of chromium pigments
(Cr I and Cr VI) and in metal finishing (Cr V1), leather
tanning (Cr III), and wood preservation (Cr VI)
(Barnhart, 1997). Chromium enters the environment
from combustion processes and ore processing mainly as
chromium (IIT) oxide. Both Cr III and Cr VI enter water
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resources by leaching from soil or from industrial con-
tamination (Pellerin and Booker, 2000) as well as from
atmospheric fallout.  Exposure of the public to
chromium occurs through food, water, and air. In many
occupational settings, workers are exposed both to Cr III
and Cr VI. Workplace exposure is typically by inhala-
tion or dermal contact. Dermal exposure to chromium
compounds can result in irritation and ulceration of the
skin and causes allergic contact dermatitis in sensitized
individuals.

Cr III is the biologically active form of chromium and
has been proposed to be an essential trace element.
Humans ingest Cr III in food and dietary supplements.
Typical serving sizes of a variety of foods and bever-
ages, including broccoli, grape juice, whole wheat
English muffins, mashed potatoes, dried garlic, dried
basil, beef cubes, orange juice, turkey breast, whole
wheat bread, red wine, unpeeled apple, banana, and
green beans, provide 1 to 13 pg Cr III (NIH, 2007). An
estimated safe and adequate daily dietary intake of 50 to
200 pg Cr III for adults and adolescents was established
by the National Research Council in 1989 (NAS, 1989).
In 2001, the Institute of Medicine of the National
Academy of Sciences determined an adequate intake,
which is generally set at a level that healthy people typ-
ically consume, of 20 to 45 pg Cr III for adolescents and
adults (IOM, 2001). An adequate intake is set when
there is not enough data to set a recommended daily
allowance, which is the average daily intake that meets a
nutrient requirement of nearly all (97% to 98%) healthy
individuals. Chromium may increase sensitivity to
insulin and thus may participate in carbohydrate and
lipid metabolism. The mechanism involves increased
insulin binding through increasing the number of insulin
receptors and increasing insulin receptor phosphoryla-
tion when the chromium is bound to a low molecular
weight chromium binding substance (LMWCr; also
referred to as chromodulin) and insulin is present
(Anderson, 1998). In the blood, Cr III is bound to and
transported to tissues by transferrin, a process regulated,
at least in part, by insulin (Clodfelder et al, 2001).
Cr III deficiency contributes to glucose intolerance and
diabetes mellitus (Type 2).

Chromium picolinate is widely used as a dietary supple-
ment, primarily because of claims of increased meta-
bolic (weight reducing) and antidiabetic effects.
Chromium picolinate is produced by formation of a
coordination complex between Cr III and picolinate
(picolinic acid), which occurs because picolinate is a
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bidentate chelating ligand that coordinates with Cr III
through the pyridine nitrogen and the carboxyl oxygen
(Evans and Pouchnik, 1993). Picolinate is a metabolite
of tryptophan formed during endogenous metabolism
and is normally found in the liver and kidneys (Mehler
and May, 1956). Cr Ill-containing supplements, which
are available over the counter as pills, chewing gums,
sports drinks, and nutrition bars (Vincent, 2001), have
become very popular, generating estimated annual sales
in the hundreds of millions of dollars in the mid to late
1990s (FTC, 1996; Mirasol, 2000). Numerous clinical
studies have been conducted with daily doses of
chromium picolinate containing 200 to 1,000 pg Cr III
(Cefalu and Hu, 2004; Komorowski et al., 2008) and
in one study modeling human exposure to chromium
picolinate, a dose containing 600 pg Cr III was chosen
(Stearns et al., 1995). It is likely that human exposure
through consumption of supplements is in this range.
Recent reviews examining the effectiveness of
chromium picolinate indicate that the supplement has lit-
tle effect on body composition (Campbell et al., 2002;
Pittler et al., 2003; Vincent, 2003). The essentiality of
Cr III and the ability of Cr III to increase insulin sensi-
tivity have been questioned (Stearns, 2000; Stallings and
Vincent, 2006).

ABSORPTION, DISTRIBUTION,

METABOLISM, AND EXCRETION

Chromium and chromium compounds are absorbed after
oral, dermal, or inhalation exposure (Wahlberg and
Skog, 1965; Wahlberg, 1970; Kerger et al., 1997;
Mancuso, 1997). Current analytical procedures cannot
differentiate between the oxidation states of chromium
in biological tissues, so measurements in excreta and tis-
sues represent total chromium content. Most studies of
absorption of Cr III or Cr VI after oral administration to
rodents find that only 1% or 2% of the administered dose
is bioavailable, whereas similar studies with humans
report somewhat higher numbers (ATSDR, 2000), par-
ticularly for Cr VI. Cr III enters cells by passive diffu-
sion or phagocytosis of precipitates, while Cr VI is
transported into cells by anion carriers (ATSDR, 2000).
Following uptake by red blood cells and tissues, Cr VI is
thought to undergo reduction to Cr III intracellularly,
primarily by ascorbate (Sugiyama, 1992). In a study of
31Cr (V1) uptake by human red blood cells and rat hepa-
tocytes, Alexander and Aaseth (1995) found the
Michaelis constant (Km) for uptake to be very low. The
authors attributed the low Km to efficient intracellular
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reduction of Cr VI to Cr 111 inside the cell as opposed to
high affinity. The transport was of the same magnitude
as the physiological substrates, lactate and sulfate. The
uptake rate was increased when the pH was lowered
from 7.4 to 6, consistent with bichromate (HCrO,") as
the transported species. Absorption and retention of
chromium thus depends on a number of factors: the rate
of reduction of Cr VI to Cr III outside the cells, the pH
of the milieu, the rate of transport of Cr VI into the cells,
the rate of reduction of Cr VI to Cr III inside the cells,
and the rate of diffusion of Cr III from the cells.

Chromium picolinate is a chelated form of chromium
expected to increase chromium absorption. Gargas et al.
(1994) reported that ingestion of 400 pg chromium
picolinate per day in humans resulted in 2.80% + 1.14%
(standard deviation) absorption. No comparison to
unchelated Cr III was reported. A study in rats compared
the uptake of 1Cr (III) as chromium chloride, chromium
picolinate, and chromium nicotinate, a chelated form of
chromium similar to picolinate (Olin ef al., 1994). Male
and female CD rats were gavaged with 2.7 nmol of one
of the three forms of Cr III. Tissue and blood concen-
trations were determined 1, 3, 6, and 12 hours after dos-
ing. There was little difference among the three groups.
At 1 hour after dosing, absorption was 0.287% (chlo-
ride), 0.291% (nicotinate), and 0.542% (picolinate).
After 12 hours, absorption was 0.710% (chloride),
0.616% (nicotinate), and 0.406% (picolinate).

Absorbed Cr III is widely distributed to tissues.
Concentrations of chromium in the kidney, liver, spleen,
heart, and lung of weanling Sprague-Dawley rats fed a
diet containing chromium picolinate or one of nine other
formulations of Cr III (5,000 ng chromium/g of diet) for
3 weeks were compared to concentrations in tissues of
control rats fed basal diet (30 ng chromium/g of diet)
(Anderson et al., 1996). Of the 10 formulations, expo-
sure to chromium picolinate produced the highest
chromium concentrations in the liver (50 ng/g versus
5 ng/g in controls), lung (60 ng/g versus 20 ng/g in con-
trols), and heart (30 ng/g versus 12 ng/g in controls).
Overall, chromium concentrations were highest in the
kidney; Cr III uptake by the kidney was enhanced to the
greatest extent by a chromium dinicotinate-diglycine-
cysteine-glutamic acid complex. That complex resulted
in a kidney concentration of 850 ng/g, compared to
368 ng/g for chromium picolinate and 23 ng/g for con-
trols. Chromium concentrations were not increased over
controls in the kidney or liver following exposure to
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chromium chloride. After 20 weeks of exposure to 5, 25,
50, or 100 mg chromium/kg of diet, concentrations of
chromium in the liver and kidney were two to sixfold
higher following treatment with chromium picolinate
than with chromium chloride (Anderson et al., 1997).
Distribution studies in Sprague-Dawley rats following
intravenous dosing with a single dose of 3'Cr (III) pico-
linate (Hepburn and Vincent, 2003) or 3'Cr (III)
3H-picolinate for 2 weeks (Hepburn and Vincent, 2002)
revealed that 3'Cr accumulated in the liver, kidney, and
blood and most of the chromium in blood was bound to
chromodulin.  Higher tissue chromium levels were
found in rats receiving Cr VI orally than in those receiv-
ing an equivalent dose of Cr III (Costa, 1997; Costa and
Klein, 2006).

Ingested chromium is excreted primarily in the feces
because of its poor absorption. Absorbed chromium is
primarily excreted in the urine (Donaldson and Barreras,
1966; Sayato et al., 1980). The distribution studies of
Hepburn and Vincent (2002, 2003) revealed that most of
the 3!Cr was excreted in urine in the first 12 hours after
dosing. However, the loss was only about 10% of the
administered dose. Picolinate-derived tritium appears in
urine and feces at a much greater extent than °!Cr, with
about 20 times more in urine than feces, implying that
the chelating agent may become separated from the
chromium in the gut. The material containing the tri-
tium, a single chromatographic peak, was isolated but
could not be identified.

Toxiciry

Experimental Animals

Cr III displays very little evidence of toxicity in animals
(ATSDR, 2000). There was no indication of local or sys-
temic toxicity in male Harlan Sprague-Dawley rats fed
diets containing chromium picolinate at concentrations
up to 100 mg chromium/kg diet (9 mg chromium/kg per
day) for 20 weeks (Anderson ef al., 1997). This lack of
toxicity was also observed in a number of studies with
other Cr III compounds following oral administration.
These studies include Becton Dickinson (BD) rats fed
diets of 5% chromium oxide, 5 days per week for
90 days (1,806 mg chromium/kg per day) or 2 years
(2,040 mg chromium/kg per day) (Ivankovic and
Preussmann, 1975); Harlan Sprague-Dawley rats fed
diets containing chromium chloride at concentrations up
to 100 mg chromium/kg diet (9 mg chromium/kg per
day) for 20 weeks (Anderson et al., 1997); rats exposed
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to 25 ppm chromium chloride (2.7 mg chromium/kg per
day) in drinking water for 1 year (MacKenzie et al.,
1958); and Swiss mice (0.48 mg chromium/kg per day)
(Schroeder et al., 1964) or Long-Evans rats (0.46 mg
chromium/kg per day) (Schroeder et al., 1965) exposed
to 5 mg/L chromium acetate in the drinking water for 2
to 3 years. Following exposure of CDF rats to 30 mg
chromium/m3 (6.6 mg chromium/kg per day) as
chromium oxide (44 mg/m?) or basic chromium sulfate
(168 mg/m?3) for 13 weeks by inhalation, effects on the
respiratory system were typical of inhaled particles;
however, there was no evidence of systemic toxicity
(Derelanko et al., 1999).

Cr Vlis significantly more toxic than Cr III. The National
Toxicology Program (NTP) conducted studies on Cr VI,
as sodium dichromate dihydrate, administered to male and
female F344/N rats and B6C3F1 mice in drinking water at
concentrations of up to 1,000 mg/L for 3 months or 516
mg/L (257.4 mg/L for male mice) for 2 years (NTP, 2007,
2008). In the 3-month and 2-year studies, there were
reduced body weights, decreased water consumption due
to decreased palatability, an erythrocyte microcytosis or a
microcytic hypochromic anemia, and histiocytic cell infil-
tration in the liver, duodenum, and pancreatic and mesen-
teric lymph nodes. In the 3-month studies, focal
ulceration, hyperplasia, and metaplasia were observed in
the glandular stomach of rats, while hyperplasia was
observed in the duodenum of mice. In the 2-year studies,
in addition to squamous cell neoplasms of the oral cavity
in rats and epithelial neoplasms of the small intestine in
mice, diffuse epithelial hyperplasia of the duodenum and
jejunum was observed in mice.

Humans

A small number of case reports provide limited data on
the toxicity of chromium picolinate in humans; adverse
effects following ingestion of chromium picolinate sup-
plements have been reviewed elsewhere (Lamson and
Plaza, 2002). Dermal effects, including contact dermati-
tis and acute generalized exanthematous pustulosis, were
observed in two separate cases (Young et al., 1999;
Fowler, 2000). Renal effects, including acute tubular
necrosis, chronic active interstitial nephritis, and acute
renal failure have been observed in three separate cases
(Wasser et al., 1997; Cerulli et al., 1998; Wani et al.,
2006). Other effects, such as liver dysfunction (Cerulli
et al., 1998), rhabdomyolysis (Martin and Fuller, 1998)
or cognitive, perceptual, and motor changes (Huszonek,
1993), have been observed in isolated cases.
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REPRODUCTIVE
AND DEVELOPMENTAL TOXICITY

Experimental Animals

A series of studies was conducted to determine the
effects of chromium chloride on reproduction in rats and
mice following exposure in drinking water (Bataineh
et al., 1997, Elbeticha and Al-Hamood, 1997,
Al-Hamood et al., 1998). Histopathology was not per-
formed in animals from these studies. Fertility was
assessed by mating exposed animals of each sex with
unexposed animals of the other sex. In general, there
were decreased body weights, changes (primarily
decreases) in reproductive organ weights, and decreases
in fertility in male and female mice at exposure concen-
trations of up to 5,000 mg/L (Elbeticha and Al-Hamood,
1997) and in male mice following exposure during
gestation and lactation through exposure of dams to
1,000 mg/L (Al-Hamood et al., 1998); delayed vaginal
opening was observed in female mice exposed during
gestation and lactation. Effects on body and organ
weights and sexual behavior and aggressiveness, with-
out a decrease in fertility, were observed in male
Sprague-Dawley rats at exposure concentrations up to
1,000 mg/L for 12 weeks during adulthood (Bataineh
et al., 1997). A significant increase in the incidence of
bifurcated cervical arches was observed, in the absence
of maternal toxicity or an effect on maternal fertility, in
the offspring of pregnant CD-1 mice fed diets containing
200 mg chromium picolinate/kg (25 mg chromium/kg
per day) from gestation days 6 to 17 (Bailey et al.,
2006). The incidence of bifurcated cervical arches was
elevated following treatment with 174 mg picolinic
acid/kg; however, this increase was not significant.
Developmental effects were not observed following
treatment with 200 mg chromium chloride hexahy-
drate/kg (39 mg chromium/kg per day).

Other studies have failed to show evidence of reproduc-
tive or developmental toxicity. There were no changes
in testis or epididymis weights in rats following treat-
ment with chromium picolinate or chromium chloride
(9 mg Cr Ill/kg per day) in the diet for 20 weeks
(Anderson et al., 1997). There was no evidence of
reproductive or developmental toxicity in male or
female rats following dietary exposure to chromium
oxide (1,806 mg chromium/kg per day) for 60 days prior
to gestation and during gestation (Ivankovic and
Preussmann, 1975). There were no effects on testis or
ovary weights or histopathology and no alterations in
sperm parameters following exposure of rats to 30 mg
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chromium/m3 as chromium oxide (44 mg/m?) or basic
chromium sulfate (168 mg/m?3) for 13 weeks by inhala-
tion (Derelanko et al., 1999). Following intraperitoneal
injection of up to 4 mg/kg chromium chloride (1.3 mg
chromium/kg), there was no histopathologic evidence of
damage or changes in epididymal sperm (Ernst, 1990).

Humans
No studies on reproductive or developmental toxicity
of Cr III in humans were located in a review of the
literature.

CARCINOGENICITY

No studies examining the carcinogenic potential of
chromium picolinate in animals or humans were identi-
fied in a review of the literature. Cr III exposure is not
considered to pose a significant cancer risk in humans
(ATSDR, 2000). Both Cr III and Cr 0 are classified as
Group 3, not classifiable as to their carcinogenicity to
humans, by the International Agency for Research on
Cancer (1990). The United States Environmental
Protection Agency (1998) concluded that there are inad-
equate data to determine the potential carcinogenicity of
Cr III. In contrast to Cr III, exposure to Cr VI com-
pounds by inhalation has long been recognized as car-
cinogenic to humans. The United States Department of
Health and Human Services, the United States
Environmental Protection Agency, and the International
Agency for Research on Cancer classified Cr VI com-
pounds as human carcinogens based on increased inci-
dences of lung cancers in workers in the chromium
industry and in experimental animals exposed to these
compounds by inhalation (IARC, 1990; Cohen et al.,
1993; NTP, 1998). In industrial settings, workers are
often exposed to both Cr III and Cr VI. However, there
was no excess cancer in workers exposed only to Cr III
during leather tanning (ATSDR, 2000).

Carcinogenicity studies in which animals were dosed
directly with Cr III compounds were uniformly negative.
There was no evidence of carcinogenicity in male or
female BD rats fed diets containing up to 5% chromium
oxide (2,040 mg Cr III/kg per day), 5 days per week for
2 years (Ivankovic and Preussmann, 1975); in the off-
spring of rats treated for 60 days prior to gestation and
during gestation, after 600 days of observation
(Ivankovic and Preussmann, 1975); in Swiss mice
(0.46 mg chromium/kg per day) (Schroeder ef al., 1964),
or Long-Evans rats (0.48 mg chromium/kg per day)
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(Schroeder et al., 1965) dosed with 5 mg/L chromium
acetate in drinking water for 2 to 3 years. Implantation
of an intrabronchial pellet containing a 50:50 mix of
chromium oxide:cholesterol binder in rats for 136 weeks
failed to produce lung tumors, while bronchial carcino-
mas were increased in rats similarly exposed to Cr VI as
calcium chromate (Laskin et al., 1970). Use of the same
experimental design with 2 mg of Cr IIl/pellet failed to
produce local squamous carcinomas, carcinoma in situ,
or increases in squamous metaplasia following exposure
to chromium oxide, chromium chloride hexahydrate, or
chrome tan (basic chromium sulfate) (Levy and Venitt,
1986). There was no increase in lung tumor frequency
over controls in strain A mice given 24 intraperitoneal
injections of 2,400 mg chromium sulfate/kg (650 mg
chromium/kg), over 8 weeks and killed 30 weeks after
the initiation of dosing (Stoner et al., 1976). Urethane,
the positive control in this study, did increase lung tumor
frequency. There was no increase in renal tumors in
male F344 rats treated with N-ethyl-N-hydroxyethylni-
trosamine followed by 600 mg chromium chloride hexa-
hydrate/L (11 mg chromium/kg per day) in drinking
water for 25 weeks, although dysplastic foci were sig-
nificantly increased (Kurokawa ef al., 1985).

A 2-year study revealed clear evidence of carcinogenic
activity of Cr VI (as sodium dichromate dihydrate) in
both male and female F344/N rats and B6C3F1 mice fol-
lowing exposures up to 516 mg/L (257.4 mg/L in male
mice) in drinking water, based on increased incidences
of squamous cell neoplasms of the oral cavity in rats and
increased incidences of epithelial neoplasms of the small
intestine (duodenum, jejunum, or ileum) in mice (NTP,
2008).

GENETIC TOXICITY

Cr III has been shown to be genotoxic in acellular test
systems that permit direct contact with DNA (Snow and
Xu, 1991; Snow, 1994; Bridgewater et al., 1994).
However, it often gives negative results in standard
genetic toxicity assays. This lack of genotoxicity is
attributed to the low level of absorption of most Cr III
salts. For chromium picolinate, the published muta-
genicity test data indicate that the compound may be
detected as mutagenic in some in vitro mammalian test
systems, but not in standard bacterial mutation assays.
For example, no mutagenicity was observed in
Salmonella typhimurium strains TA98, TA100, TA1535,
or TA1537 treated with chromium picolinate (up to
10,000 pg/plate) with or without exogenous metabolic
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activation enzymes (liver S9 fraction) (Whittaker et al.,
2005). However, results of a mutagenicity assay con-
ducted with chromium picolinate (6.2 to 124 pg/mL) in
mouse L5178Y tk™~ cells demonstrated a clear increase
in mutant cell colonies, with and without S9; no
increases in mutant colonies were seen with picolinic
acid (Whittaker et al., 2005). Particulate chromium
picolinate (suspended in acetone, 440 ug/mL, corre-
sponding to 52 pg/mL Cr III) was reported to induce
hprt mutations in Chinese hamster ovary (CHO) cells
after a 48-hour exposure period (Stearns et al., 2002);
picolinic acid was negative in this assay. Analysis of the
hprt mutations induced by chromium picolinate sug-
gested that most were deletions, predominantly one exon
in size (Coryell and Stearns, 2006). In contrast to these
results, a second CHO cell study conducted with a com-
mercial preparation of chromium picolinate (Chromax®;
up to 500 pg/mL in dimethylsulfoxide) found no signif-
icant increases in Aprt mutations using a 5-hour expo-
sure period with and without S9 activation, in addition to
the 48-hour exposure used in the earlier study (Slesinski
et al., 2005).

Soluble and particulate forms of chromium picolinate
were reported to induce highly significant increases in
chromosomal aberrations in CHO AAS cells treated for
24 hours with concentrations ranging from 0.05 to
1.0 mM in acetone in the absence of S9 (Stearns et al.,
1995). In this study, picolinic acid (1.5 and 2.0 mM)
also induced chromosomal aberrations, although at a
much lower level than was seen with chromium picoli-
nate; no chromosomal damage was induced by two other
Cr III salts, chromium nicotinate or chromium chloride
(Stearns et al., 1995). A subsequent study of chromoso-
mal aberration induction in CHO cells using Chromax®
(96.25 to 770 pg/mL in dimethylsulfoxide) gave nega-
tive results, with and without S9, after 4 or 20 hours of
exposure (Gudi et al., 2005). Recently, studies for
induction of DNA damage in cultured mouse lymphoma
L5178Y tk™~ cells and human lymphocytes, measured
by the Comet assay, showed no increase in DNA damage
after a 3-hour exposure to 500 uM chromium picolinate
dissolved in dimethylsulfoxide, or dissolved directly in
medium containing serum (lymphocytes only); when
lymphocyte exposures were carried out in medium with-
out serum, a small but statistically significant increase in
DNA damage was noted (Andersson et al., 2007). These
observations led the authors to speculate that serum
components may have bound chromium picolinate, pre-
venting it from entering the cells.
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Salivary gland chromosomal aberrations were reported
in Drosophila melanogaster larvae whose male parents
were reared on medium containing 260 pg/L chromium
picolinate (Stallings et al., 2006). In contrast to the
observations in Drosophila, no significant increases in
micronucleus frequencies in peripheral blood erythro-
cytes or DNA damage in lymphocytes or hepatocytes,
measured by the Comet assay, were seen in male
CBA/Ca mice administered a single intraperitoneal
injection of 3 mg/kg chromium picolinate (Andersson
et al.,2007).

Additional mutagenicity test data are available for other
trivalent chromium compounds, and although limited,
the data appear to be consistent with what has been
shown for chromium picolinate. No mutagenicity was
detected with chromium carbonyl in S. typhimurium
(Zeiger et al., 1992), but in CHO cells, chromium chlo-
ride induced significant increases in Aprt mutations,
although the increases were less than those observed
with chromium picolinate under the same treatment con-
ditions and equivalent concentrations (Stearns et al.,
2002). In contrast, chromium chloride did not produce
significant increases in the frequencies of TK mutations
in mouse L5178Y TK*~ cells under the same treatment
conditions and at higher concentrations than were tested
with chromium picolinate (Whittaker et al., 2005).
Chromium chloride (1 to 5 pM) was reported to increase
the frequency of micronuclei in cultured human fibro-
blasts (Seoane and Dulout, 2001), but no increase in
chromosomal aberrations was observed in CHO cells
treated with chromium carbonyl (NTP unpublished
data). In vivo, no increase in micronucleated erythro-
cytes was seen in male B6C3F1 mice administered
chromium carbonyl (0.51 to 255 pg) once daily by
intraperitoneal injection for 4 weeks (Witt ef al., 2000).
In addition, no significant increases in mutant clones
were observed in the Drosophila wing spot test after
exposure of flies to 1.0 to 10.0 mM chromium chloride
in medium from day 3 until adulthood (Amrani ef al.,
1999).

In a study examining the comparative genotoxicity of
Cr VI and Cr 111, Kirpnick-Sobol et al. (2006) reported
that exposure of pregnant mice (C57BL/6J-p"/pi?) to
either potassium dichromate (Cr VI; 62.5 or 125.0 mg/L,
calculated to yield an average daily dose of 12.5 or
25 mg/kg) or chromium (III) chloride (1,875 or
3,750 mg/L, calculated to yield an average daily dose of
375 or 750 mg/kg) in drinking water during gestational
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days 10 to 20 resulted in significant increases in the fre-
quencies of large-scale DNA deletions in pups examined
at 20 days of age. Furthermore, Kirpnick-Sobol et al.
(2006) reported that in mouse fetuses exposed to Cr III
and examined on gestational day 17.5, significant
increases in DNA deletions were seen at threefold lower
chromium tissue concentrations than in fetuses exposed
to Cr VI. These authors conducted additional studies in
the yeast strain RS 112 and found similar effects: dose-
related increases in DNA deletions following exposure
in medium to concentrations ranging from 0.7 to 2.1 mM
chromium. Comparing intracellular chromium concen-
trations in the yeast with DNA deletion frequency
showed that Cr III was a more potent inducer of DNA
deletions than was Cr VI. The authors concluded that
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the data from both the mouse studies and the yeast
studies indicated that although only small amounts of
Cr III were absorbed, Cr III was highly effective at
inducing DNA damage.

STUDY RATIONALE

Chromium picolinate was nominated by the National
Cancer Institute and a private individual for testing
based on the potential for widespread consumer expo-
sure from use as a dietary supplement. The monohy-
drate form was selected for testing because it is the
commercially available form of chromium picolinate.
Dietary exposure was chosen because humans ingest
chromium picolinate in supplements.
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MATERIALS AND METHODS

PROCUREMENT AND
CHARACTERIZATION OF CHROMIUM

PI1COLINATE MONOHYDRATE

Chromium picolinate monohydrate was obtained from
TCI America (Portland, OR) in one lot (OGJO1) and
from Sigma-Aldrich (St. Louis, MO) in one lot
(CHESS0204DFCI). Lot OGJOl1 was used in the
3-month studies; the unused remainder of lot OGJO1 was
combined with lot CHESS0204DFCI by the analytical
chemistry laboratory, Battelle Toxicology Northwest
(Richland, WA), and assigned lot number 672002, which
was used in the 2-year studies. Identity, purity, and sta-
bility analyses were performed by the analytical chem-
istry laboratory, the study laboratory at Southern
Research Institute (Birmingham, AL), PIXE Analytical
Laboratories (Tallahassee, FL), Element Analysis
Corporation (Lexington, KY), Galbraith Laboratories,
Inc. (Knoxville, TN), and Oneida Research Services,
Inc. (Whitesboro, NY) (Appendix I). Reports on analy-
ses performed in support of the chromium picolinate
monohydrate studies are on file at the National Institute
of Environmental Health Sciences.

Lots OGJO1 and 672002 of the chemical, a reddish-
purple crystalline powder, were identified as chromium
picolinate monohydrate by infrared and proton nuclear
magnetic resonance spectroscopy, X-ray diffraction, and
electrospray ionization-mass spectrometry (EI-MS).

The moisture contents of lots OGJ01 and 672002 were
determined using Karl Fischer titration, and weight loss
on drying was determined for lot 672002. Purity of the
test chemical was determined by elemental analyses
(lots OGJO1 and 672002), proton-induced X-ray emis-
sion (PIXE) spectroscopy (lots OGJO1 and 672002),
inductively coupled plasma-atomic emission spec-
troscopy (ICP-AES) (lots OGJO1 and 672002), high -
performance liquid chromatography (HPLC) with
diode-array detection (HPLC-DAD) (lot OGJO01), ultra-
violet-visible detection (HPLC-UV/Vis) (lot 672002),
UV detection (HPLC-UV) (lots OGJO1 and 672002), or
ICP-mass spectrometric detection (HPLC-ICP-MS)
(lots OGJO1 and 672002).

For lot OGJO01, the results of Karl Fischer titration for
water content, elemental analyses for carbon, hydrogen,
and nitrogen, and ICP-AES analysis for total chromium
were all consistent with the theoretical values for
chromium picolinate monohydrate. PIXE analysis indi-
cated the absence of significant metallic impurities and a
total chromium content of 117% of the theoretical value.
HPLC-DAD revealed a major component at 96%, one
impurity at 2.1%, and five additional impurities at
greater than or equal to 0.1% each. HPLC-UV by one
system followed by HPLC-ICP-MS indicated that the
maximum concentrations of free (uncomplexed) Cr(III)
or Cr(VI) were less than 0.025%. The overall purity of
lot OGJO1 was determined to be greater than 96%.

For lot 672002, Karl Fischer titration and weight loss on
drying assays indicated the presence of approximately
1 mole of water in the test chemical complex. Results of
elemental analyses for carbon, hydrogen, and nitrogen and
of ICP-AES analysis for total chromium content were con-
sistent with the theoretical values for chromium picolinate
monohydrate. PIXE analyses indicated a chromium con-
tent consistent with the theoretical value and absence of sig-
nificant metallic impurities. HPLC-UV/Vis indicated one
major peak with an area percent purity of approximately
95%. HPLC-UV by one system coupled with HPLC-ICP-
MS indicated that the maximum concentrations of free Cr
I or Cr VI were less than 0.025%. The overall purity of
lot 672002 was determined to be greater than 95%.

In an attempt to identify the impurities indicated by
HPLC-DAD in lot OGJO1, preparations of
chromium:picolinate complexes were made and ana-
lyzed using HPLC-DAD by a second system and
HPLC-EI-MS. The results were inconclusive due to
insufficient assay sensitivity and lack of authentic refer-
ence standards; however, these analyses provided evi-
dence that the impurities in the test chemical were
probably chromium:picolinate complexes, although the
exact structures and ratios were uncertain.
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Stability studies of the bulk chemical were performed
using ICP-AES and HPLC-UV. These studies indicated
that chromium picolinate monohydrate was stable as a
bulk chemical for at least 2 weeks when stored in sealed
amber glass containers at temperatures up to 60° C. To
ensure stability, the bulk chemical was stored at room
temperature, protected from light, in sealed plastic buck-
ets. Periodic reanalyses of the bulk chemical were per-
formed during the 3-month and 2-year studies using
HPLC-UYV, and no degradation of the bulk chemical was
detected.

PREPARATION AND

ANALYSIS OF DOSE FORMULATIONS

The dose formulations were prepared by mixing
chromium picolinate monohydrate with feed (Table 12).
Homogeneity studies of 82 and 50,000 ppm dose formu-
lations and stability studies of the 82 ppm dose formula-
tion were performed by the analytical chemistry
laboratory using ICP-AES. Additional homogeneity
studies of 80 and 50,000 ppm dose formulations were
performed by the study laboratory using HPLC-UV.
Homogeneity was confirmed, and the stability of the
dose formulations was confirmed for at least 42 days at
room temperature when stored in double-thick sealed
plastic bags, protected from light.

Periodic analyses of the dose formulations of chromium
picolinate monohydrate were conducted by the study
laboratory using HPLC-UV. For the 3-month studies,
the dose formulations were analyzed at the beginning,
midpoint, and end of the studies; all 35 dose formula-
tions analyzed for rats and mice were within 10% of the
target concentrations (Table 13). During the 2-year stud-
ies, the dose formulations were analyzed approximately
every 12 weeks (Table 14). Of the dose formulations
analyzed, all 167 for rats and all 99 for mice were within
10% of the target concentrations.

Samples of dosed feed taken from the animal rooms
were analyzed periodically during the studies. During
the 3-month studies, all 10 samples taken from the rat
animal room and 8 of 10 samples from the mouse animal
room were within 10% of target; all samples were within
13% of target. During the 2-year studies, all 12 samples
from the rat animal room and 8 of 15 samples from the
mouse animal room were within 10% of target; all sam-
ples were within at least 27% of target. Low results in
the mouse samples were attributed to contamination by
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urine, feces, and bedding during the study period when
animals were small enough to get into the feeders.

3-MONTH STUDIES

Male and female F344/N rats and B6C3F1 mice were
obtained from Taconic Farms, Inc. (Germantown, NY).
On receipt, the rats and mice were approximately
4 weeks old. Rats were quarantined for 13 (males) or
14 (females) days, and mice were quarantined for
12 (males) or 11 (females) days. Animals were
approximately 6 weeks old on the first day of the stud-
ies. Before the studies began, five male and five female
rats and mice were randomly selected for parasite evalu-
ation and gross observation for evidence of disease. At
the end of the studies, serologic analyses were per-
formed on five male and five female control rats and
mice using the protocols of the NTP Sentinel Animal
Program (Appendix L).

Groups of 10 male and 10 female rats and mice were fed
diets containing 0, 80, 240, 2,000, 10,000, or
50,000 ppm chromium picolinate monohydrate for
14 weeks. Additional groups of 10 male and 10 female
clinical pathology study rats were exposed to the same
concentrations for 3 weeks. Feed and water were avail-
able ad libitum. Male mice were housed individually,
and rats and female mice were housed five per cage.
Clinical findings were recorded weekly for core study
animals. Feed consumption by core study animals was
recorded weekly by cage. Core study animals were
weighed initially, weekly, and at the end of the studies.
Details of the study design and animal maintenance are
summarized in Table 1.

Animals were anesthetized with carbon dioxide, and
blood was collected from the retroorbital sinus of clini-
cal pathology rats on days 3 and 21 and from core study
rats and mice at the end of the study for hematology and
clinical chemistry (rats only) analyses. Blood samples
for hematology were placed in tubes containing EDTA.
Hematology parameters were measured on an ADVIA™
120 hematology analyzer (Bayer, Inc., Tarrytown, NY)
using reagents provided by the manufacturer. Blood
samples for clinical chemistry were placed in tubes con-
taining no anticoagulant and analyzed using a Hitachi
911 automated analyzer (Boehringer Mannheim,
Indianapolis, IN) with reagents provided by the manu-
facturer or Sigma Diagnostics (St. Louis, MO). The
parameters measured are listed in Table 1.
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At the end of the 3-month studies, samples were collected
for sperm motility and vaginal cytology evaluations on
core study rats and mice exposed to 0, 